The British North Greenland Expedition (Lewis & Masterton, 1955a, b) provided an opportunity to study the food intake and energy expenditure of men in a cold environment. The expedition, consisting of twenty-five men, left London on 8 July 1952 to spend 2 years in an unexplored area of mountains and glaciers situated some 800 miles from the North Pole. Their explorations included a geological and topographical survey involving considerable travelling, which was done by dog sledge.
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Energy intake and output of polar explorers 347 against a very cold environment. The reverse was true whilst sledging. Fig. I shows the environmental conditions experienced by members of the Expedition. The first dietary survey at the base was carried out after 17 months in Greenland. The men were at all times able to have as much food as they wanted. The quality was good, though fresh products and 'extras' were occasionally missed. The standard of cooking was satisfactory, the arrangement being that the men cooked in rotation, each for a week at a time. The range of cooked dishes was very wide, and included such things as rich birthday cakes, vol-au-vent and brandy snaps. A typical daily menu would consist of: Breakfast: porridge or cornflakes, a cooked dish such as kippers or scrambled eggs (made with dried egg), bread, butter, jam, tea or coffee.
Mid-morning : tea or coffee, biscuits or bread. Lunch: soup, usually Scotch broth, tomato or pea, boiled beef, potatoes and Mid-afternoon: tea and biscuits with perhaps rich cake or some baked potato cakes. Dinner (usually two, sometimes three courses, but always a sweet if lunch had included soup and vice versa) : soup, bacon-and-egg pie, green peas, fried chipped potatoes, steamed pudding, coffee or tea, and bread.
cabbage, stewed fruit with custard, coffee or tea, and bread.
Supper: Horlick's malted milk, coffee, cocoa, tea, or other beverage. Eggs, kippers, or other snacks could be cooked by anyone who wished. On one occasion a very hungry man, for example, ate 16 oz. herring as a night-cap and another had about 9 oz. scrambled eggs before retiring to bed, but such appetites were exceptional. Other foods available were chocolate and boiled sweets. Alcohol was taken occasionally, but only once during the survey did it figure largely in the diet of two of the men. That was during a celebration of Burns Night. It was felt justifiable that this occasion should be included in the survey since parties were a regular feature of life at the base hut.
The sledging diet was rather different. I n the early part of the Expedition a rigid rkgime was laid down. The only food taken was that in the sledging rations, and if a man was hungry after his day's ration had been eaten he had to remain so. By the time the dietary survey was carried out, 'extras' were often taken, and so, although the composition of the basic diet was constant, if a man was still hungry he could satisfy himself by eating extra chocolate, raisins, milk or biscuits. The standard daily ration in oz./man/day was: pemmican 5-6, butter 5.6, potato powder 1.6, cocoa 0.4, chocolate 2.4, sugar 3.0, oats 2.3, dried milk 1.6, biscuits (high-fat) 4.3. This ration provided 4164 Cal. daily, made up from 99 g protein, 278 g fat and 310 g carbohydrate. As explained above, each man did not have exactly the same calorie intake every day, nor did he necessarily have the same as his fellow.
Work during the winter at the base involved cooking, fetching water, feeding dogs, repairing sledges and going for short sledge runs on the lake ice beside the hut The rest of the time was spent reading and doing laboratory work; the four subjects participated in all these activities. On a sledging expedition during the spring there was much greater activity, and life was much more regular. The men usually woke at about 8 a.m. in their tent, in which the temperature was around -15'. Breakfast and dressing followed and by 10 a.m. the tent was struck and loaded on to the sledge, and the dogs were harnessed. Then followed 6-8 h sledging or sledging combined with rock scrambling. There was usually one halt of 15 min for lunch, which consisted of biscuits and chocolate. At about 5 p.m. a camp site was chosen on the glacier over which the party had been travelling, and it took an hour or more to pitch the tent, unload the sledge and feed the dogs. Once inside the tent the evening meal of pemmican was prepared, clothes were dried out, and by 10 or I I p.m. the men were asleep. With minor variations, and lying up during blizzards, this was the constant daily routine.
Subjects of the investigation. Four men acted as subjects. They were engaged on topographical (R.B., J.M.) and geological (A.E., P.W.) surveys. Each man's food intake and his time spent at various occupations were measured for two periods: ( I ) at the base hut during the winter, and (2) on a sledging expedition. While the sledging dietary survey was in progress the total stools of two of the men (R.B., J.M.) were collected each day for 14 days and kept frozen for analysis in England. Table I shows the four men's ages, heights and mean weights, and Fig. z shows the changes in bodyweight over 6 months which included the three dietary surveys (two at base, B I and B2, and one while sledging, S).
Throughout the 2 years in Greenland, the sledge dogs were weighed regularly and an estimate was made of their dietary intake while working and resting.
Dietary survey at base. A spring balance with I oz. divisions was used which could be read to 0.5 oz. All plates were of standard size and were weighed before the survey. Breakfast, lunch and dinner were supervised by one of the authors (J.M.), who was also a subject. The separate foods served to the men were weighed and recorded and the food left by them was also weighed, but there was rarely more of it than an ounce or two of vegetable. Second helpings were always available and were frequently taken. T h e subjects, who were all scientific investigators, weighed their own snacks and ' night-caps' and entered the weights on their log sheets. The amounts of milk and sugar habitually taken by each man in the measured mugful of tea were determined at the beginning of the experiment. Each man was allocated a I lb. tin of butter which was renewed when it was finished. The exact amount of butter eaten each day was not known, but at the end of the week the total quantity taken was divided proportionately according to the number of slices of bread eaten by the man on each particular day: Bread and jam were not weighed each time. The average weight of a slice of bread was determined and the number of slices eaten was recorded. Similarly, the weight of jam required to cover the average slice of bread was measured. Dietary survey while sledging. The men sledged in pairs. Records of the food intake were made over a 19-day period for J.M. and R.B., and over 10 days for A.E. and P.W.
Some of the items were already in individual packs of known weight, e.g. biscuits and pemmican. Other foods, such as potato powder, were weighed before the sledging party set off, and the amounts left at the end were also weighed. It was known from experience with the ration that the same quantity of potato powder was always taken with each ration of pemmican. Where excess quantities of foods were taken on certain days they were recorded, as, for example, twice the usual quantity of raisins. Inevitably there were day-to-day inaccuracies, but the total amount of food taken by the two subjects over the whole period was known accurately since the foods that were taken on the trip were weighed initially and the amounts left over on return to base were again measured. There was no plate waste! Calculation of diets. The composition of the diets was calculated in the main from the tables of McCance & Widdowson (1946) . A few foods, e.g. pemmican, were specially analysed by ourselves for this investigation.
Measurement of energy expenditure. It was not possible to measure the individual energy expenditure of each subject for all activities, but a record was kept of the number of hours a man spent each day on various occupations during the three periods when the dietary surveys were being made. The occupations were divided into five groups: (I) sleeping; (2) sitting (including eating); (3) light work; (4) medium work; (5) heavy work. Whether the work was rated as light, medium or heavy, depended upon subjective impressions. For example, sewing dog harnesses and physiological research were rated as light work, cooking and feeding dogs as medium work, and Scottish dancing, rock scrambling, skiing and humping stores as heavy work. The following figures found in the literature (Edholm, Fletcher, Widdowson & McCance, 1955; Garry, Passmore, Warnock & Durnin, 1955; have been taken as the energy cost (Cal./min) of the various activities:
Sitting (including eating) 1'9 Medium work 5'6 Light work 3'2 Heavy work 12.5
The figures used for the calorie cost of sleeping were the basal metabolic rates of each of the men studied.
Measurement of basal metabolic rates. Measurements were taken from four to seven times on each subject at monthly intervals with a Benedict-Roth spirometer with a Calsoda CO, absorber. Pure oxygen was used. T h e subjects had slept 8 h before the test and they came straight from bed to the laboratory bed where they rested for a further 30min before the test began. The oxygen consumption was measured for 10 min.
Collection, storage, transport and analysis of faeces. The problem of collecting and preserving stools from two men for 14 days while sledging was simplified by the fact 
Energy intake and output of polar explorers 351 that the temperature never exceeded oo during the period of the experiment. The stools were passed on to a patch of hard snow and were scooped up without any powdered snow and placed in polythene bags. The faeces froze in a few minutes. Each stool was kept in a separate labelled bag. Back at the base hut the bags were kept in a secure place outside. As the season advanced to summer the temperature began to rise above oo, but the faeces were kept frozen as long as possible by burying them deeply in the remaining snow drifts. For transport to England they were stored in large Thermos flasks, surrounded by chipped solid carbon dioxide, until placed in a refrigerator in England. When the faeces were finally thawed out they were very soft, almost fluid in consistency. Each man's stool for each day was weighed in the polythene bag and was then tipped out into a beaker and stirred up well. Samples were taken for the determination of water, nitrogen and fat. Water was estimated by drying t o constant weight at IOO', nitrogen by the micro-Kjeldahl method after digestion with sulphuric acid and copper selenide, and fat by the method for total fat described by King (1946) .
RESULTS
Comparison of the dietary intakes at the base camp and while sledging. Table 2 shows the mean daily intake of calories and of protein, fat, carbohydrate and alcohol by each of the four men during the two surveys at the base camp and while sledging. For three men the calorie intakes were considerably higher while sledging, but P.W. took more calories during the first survey at base than he did while sledging, and his intake during the second base survey was also high. Both he and A.E. obtained as high a percentage of calories from alcohol during the first base survey as they did from protein, but it was because the Burns Night celebration happened to fall within this particular week. T h e mean daily fat intakes were considerably higher on the sledging ration (292 g) than on the diet eaten at the base hut (163 g). While sledging, all the men obtained 50-60% of their calories from fat.
Basal metabolic rates. Table I shows the mean basal metabolic rate of the four men. I n spite of their 17 months in the Arctic the values for all four were very close to those Fig. 3 shows how the four men spent their time at the base camp and while sledging. The results for all the days during the two base surveys have been averaged in making the diagram, and the figures for the 10 or 19 days' sledging have also been averaged. At the base camp about 8 h a day were spent in bed, which is very similar to 7.9 h, the figure for the average hours of sleep of all the members of the Expedition over the whole of the 2 years (Lewis & Masterton, 1957). Sitting occupied I 1-5 h, of which 4 h were spent eating meals. An average of 4-5 h a day was spent on some sort of physical work, but very little of it R.B. Fig. 3 . Mean daily distribution of time spent on different activities by the four men at the base camp and while sledging.
J.M.
could really be called heavy. While on the sledging trip, the men spent a little longer sleeping (8.7 h a day), and less time sitting (8.9 h a day) than they did at the base camp. It may seem surprising that on a sledging expedition in the Arctic, with temperatures always below freezing and often below -IS', the men should spend 17.5 h out of every 24 lying or sitting inside their tent. However, 6.5 h a day were spent on heavy work, which accounted for 69 yo of the total energy expenditure. This value was very constant from one man to the other because the patterns of the men's days were very similar. At base, medium and heavy work accounted for much less of each man's energy expenditure. It varied from 26% for P.W. during the first base survey to 5 2 % for J.M. during the second. Two men (R.B. and A.E.) were more energetic during the first base survey, and the other two during the second.
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Total energy expenditure. Table 3 shows the mean daily energy expenditure of each of the four men during the three surveys, and the daily energy balance, which is the difference between the figure for energy expenditure and that given in Table 2 for the mean daily calorie intake. If the estimates of the energy expended while sledging are nearly correct, all the men expended more calories than they took in while sledging. At base R.B., J.M. and A.E. were in positive energy balance during one survey and in negative during the other, and their overall intakes just about matched their expenditures. P.W., however, who ate much more food than the others during both base surveys, expended no more energy. He had been gaining a little weight at the beginning of the investigation (Fig. 2) , but not later. If the figures for his expenditures are not far wrong one must conclude that he ate less at other times. Variation in calorie intake and expenditure from day to day. Fig. 4 shows the calorie intake and expenditure of the four men on each of the days of the three surveys. In the first base survey, the daily calorie intake of each man varied greatly. This survey was made in January; there was no daylight; little work could be done, and the men were bored by the long winter's inactivity. They had plenty of time to think about food, and to eat to excess if they wished, only to eat smaller meals on the following day.
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By the time the second survey was carried out the men were busy preparing for the spring work and were less preoccupied with food. The sun had returned, and enthusiasm for the ensuing season followed immediately.
On the sledging journeys, the calorie intakes were fairly constant from day to day. The expenditures varied much more. Thus, on z days of R.B.'s and J.M.'s trip, they did no sledging at all and lay up in the tent because of bad weather, and A.E. and P.W.
only did 1.5 h sledging on one of their days. After days of enforced inactivity, the men had particularly strenuous days.
Faecal excretions. Table 4 shows the weight and composition of the faeces passed by two of the men sledging, and Table 5 the intakes, excretions and absorptions of nitrogen and fat. The weight of the dry faeces was perhaps higher than might have been expected on a diet which contained so little 'roughage' but, although the fat intakes were about 280 g a day, the percentage of fat in the dry faeces was well within normal limits. The proportion of nitrogen in the dry faeces was also normal.
Body-weights and calorie intakes of the husky dogs. By the time the survey was made the Expedition dogs were all fit and able to cope with the work required of them. Many VOl. I 1
Energy intake and output of polar explorers 355
had been in bad condition the previous year; they had been extremely seasick on the voyage from west Greenland, and soon after were taken on a long, hard, sledge journey, on which some died. The mean weight of the forty adult dogs at their prime was 32 kg (range 24-50 kg). While sledging, the dogs ate 1-14 lb. dog pemmican each day, together with odd pieces of blubber or other fat. Dog pemmican is made from powdered meat, fat, bone meal and vitamin supplements; I lb. yields about 2300 Cal., so that the sledging ration provided the dogs with 2500-3500 Cal./day. The daily ration at base was 14-2 lb. dried halibut, together with scraps from the mess. The halibut probably provided about 1600 Cal./day. In the U.S. Yearbook of Agriculture (U.S. Department of Agriculture, 1939) it is suggested that dogs weighing 35 kg require 3100 Cal./day for hard work, and 1800 Cal./day for maintenance, so the actual rations provided could not be considered inadequate, a view confirmed by the fact that the dogs were in good health during the tests and were not losing weight. downhill. Our subjects spent about 6.5 h a day out of doors with their sledges, and were doing very hard work for at least half of this time.
While the men were living at the base camp most of their time was spent in a warm environment, and their total calorie intakes and expenditures were very similar to those of cadets at a military establishment in England (Widdowson, Edholm & McCance, 1954; Edholm et al. 1955) , and they were also of the same order as those of miners in Scotland (Garry et al. 1955) . Swain, Toth, Consolazio, Fitzpatrick, Allen & Koehn (1949) made a survey of the amount of food eaten by soldiers stationed at Fort Churchill in Manitoba during the winter months and found that the diets provided more than 5500 Cal./day. Fort Churchill is a very cold, windy place, and this fact is emphasized throughout the paper, but the men were living in a camp, which was presumably heated, and they only spent 3 h a day out of doors. Nothing is said about the indoor temperature, but it is likely to have been quite warm. This is a point which must always be borne in mind in any discussion of life in Arctic and Antarctic regions.
Sledging diets in polar regions contain a high proportion of fat in order to reduce the weight which must be carried to provide a given amount of energy. The weight of rations is of vital importance, since all the food for two men and a team of nine dogs has to be carried on the sledge. I n addition to food, there is gear and scientific equipment totalling as much as 600-800 lb. I n spite of high fat intakes subjects R.B. and J.M. absorbed more than 96% of the fat in their food, which is within what is generally considered to be the normal range of 95-98 yo (Wollaeger, Comfort, Weir & Osterberg, 1946) . Butson (1950) made a similar investigation on members of the Falkland Islands Dependencies Survey team and found that four men eating a sledging ration almost identical with the present one produced about 30 g faeces (dry weight) daily. This finding is similar to ours, but the faeces of three of the men described by
Butson contained an average of 82 % of fat on a dry-weight basis. The fourth man, who was considered to have had a particularly high fat tolerance, gave results similar to those found in the present investigation, his faeces containing 20 yo fat on a dry-weight basis. Why the results for the first three men should have been so different from those for the fourth and from those found by us it is impossible to say.
The present results do not explain why husky dogs like to eat human faeces in preference to other foods. This coprophagic habit has been observed both among the dogs belonging to Eskimo or polar-Indian settlements and among dogs used by explorers. In permanent Eskimo or Greenlander settlements the husky dog is essentially a worker during the 9 months or so of freezing temperatures. The dogs are fed on dried fish and the flesh of seal, walrus or other game, and they work hard by transporting men and goods over the sea-ice and snow fields. In summer they do no work, and in the rigid economy of the polar regions they are not fed regularly, but have to find much of their food by scavenging. -4mple offal from summer fishing is, however, generally available. I n both summer and winter the dogs eat human faeces and so keep the settlement free of this 'nuisance'; they eat faeces in preference to dried fish offered to them. Our findings only serve to show that it is not because the faeces contain a particularly high proportion of fat, and it does not seem as though their energy value can be very important. R.B.'s and J.M.'s stools would each have provided 190 Cal./day.
There were more than twice as many dogs as men at the base camp, and more than four times as many on a sledging expedition, so if all the faeces were fairly divided among all the dogs, each would have been able to obtain only about 50-100 Cal./day extra. Husky dogs are not the only animals that eat human faeces. I n villages in India 'pi-dogs' and pigs follow the people out in the morning, and there is a competition between them for the human excreta. In some parts of Africa cattle do the same thing. Sparrows and other small birds peck out the grain from horse droppings, and snipe dig through cow droppings for grubs. Cats always eat the faeces of their kittens for the first 4 weeks or so after birth. It must be concluded that the eating of faeces is for some animals a natural rather than an unnatural thing to do.
Energy intake and output of polar explorers SUMMARY I. Dietary surveys and measurements of the time spent at different activities were made on four men, members of the British North Greenland Expedition. Two of these surveys were made at the base camp and one during a sledging expedition. The faeces of two of the men were collected on the sledging expedition and brought to England for analysis.
2. At the base camp the men's food provided 3000-4000 Cal./day (except for one man who took 4000-5000 Cal.). While sledging the men took about 4800 Cal./day.
3.
The estimated daily energy expenditures generally corresponded to the calorie intakes at the base camp, but were greater than the intakes when the subjects were sledging.
4.
Although the men ate 270 g fat a day while sledging they absorbed 96% of it and their faeces contained only 23 yo fat on a dry-weight basis, a figure within normal limits. The percentage of nitrogen in the faeces was also quite normal.
5. The present results offer no physiological reason why husky dogs eat human faeces in preference to other food, but other animals and birds commonly eat the faeces of other species and this practice is more likely to be natural than unnatural.
